Acid dissociation in the excited state of antihypotensor drug etilefrine [2-(ethylamino1-3-hydroxyphenyl)ethanol] is studied. Fluorescence of etilefrine decreases at pH B 7 and is related to phenolic group dissociation. However, intensity of etilefrine fluorescence diminishes as the concentration of the acetate anion increases at pH \ 7. Analyses of the absorption and fluorescence spectra of aqueous solutions of etilefrine in the presence of acetate anions have been made. Considering the existence of an equilibrium in the excited state the values of 3.47 × 10 − 9 and 0.216 × 10 − 9 M − 1 s − 1 have been obtained for the rate constants for direct and inverse reactions, respectively. Moreover, the lifetime (~0 % =0.58×10 − 9 s) and quantum yield (0.01) of non-protonated etilefrine have been determined. Our results seem to support the existence of a dynamic quenching process based on a proton transfer mechanism induced by acetate anions. This process could represent a serious inconvenience in analytical fluorimetric techniques taking into account that the acetic acid/acetate pair is commonly used as a buffer. Additional fluorescence quenching by H + ions could be involved in acid aqueous mediums. At high concentrations of acetic acid, a value of 2.98 ×10 − 9 M − 1 s − 1 for the bimolecular constant for the quenching by H + has been calculated.
Introduction
It is well known that molecular chemical behavior may present some differences between the ground and the first excited singlet states due to their corresponding dipolar moments. This circumstance can affect acid dissociation in the case of ionizable molecules so ground state pK a may differ significantly from excited state pK a *. If the excited state proton transfer processes are faster than the monomolecular deactivation of the excited species, the observation of ionized species emission can be attained while non-ionized species is the only one present in the ground state. Most of the substituted phenols, having a pK a * value several units lower than the pK a value, show no variations in fluorescence intensities as the pH is next to the pK a *, this can be considered to be as a result of the no proton transfer equilibrium which has been reached in the excited state. However, protolitic equilibrium can be favored through the existence of a proton donor/acceptor species in the medium. These species could be buffer ions in high concentration or acid/basic residues which are located in positions next to a fluorophore in a macromolecule.
Etilefrine [2-(ethylamino-1-3-hydroxyphenyl)-ethanol] is an antihypotensor drug which can be administered over a long period of time. In addition to that, etilefrine is considered as a stimulant compound by the International Olympic Committee (IOC) which includes it among the doping drugs [1] . This kind of substance and some other structurally similar ones (i.e. phenols, bamethan, synephrine, phenylephrine…) are easily nitrosated [2] [3] [4] [5] , and eventually can be transformed into the corresponding diazoderivatives which show mutagenic activity to Salmonella typhymurium TA98 and TA100 without metabolic activation. The mechanisms involved in the development of mutagenicity and carcinogenicity from diazoquinones and, in general, arenediazonium ions are being studied of late [6] [7] [8] .
The fluorimetric features of etilefrine have been partially studied by one of us [9] , paying special attention to the photophysical aspects related to this compound. The experimental behavior is in many cases similar to that exhibited by p-substituted phenolic compounds, but etilefrine shows some specific differences. Thus, in the fluorescence quenching of etilefrine by acetate anion reported in this paper, the data found seems to correspond to a dynamic process with preference over a static one which has been proposed for other phenolic compounds such as tyrosine, which presents no excited state dissociation even in presence of high concentrations of proton acceptor [10] .
Materials and methods
Etilefrine chlorhydrate and its free base, both of a high grade of purity, were donated by Boehringer Ingelheim. All the reagents and solvents were also of the high purity. In the spectrofluorimetric measurements triply distilled water was used.
UV-Vis were carried out in spectrophotometers Perkin-Elmer Lambda 5 and Lambda 16. Fluorescence spectra were registered with a spectrofluorimeter Shimadzu RF-5000 and time-resolved fluorescence was measured in an EEY Nanosecond Fluorometer working in single photon counting mode.
Absorption spectra employed to determinate molar absorptivities were recorded with etilefrine solutions (concentration range= 4.6× 10 − 5 -1.84× 10 − 4 M) in HCl 0.16 and KOH 0.16 N. Higher concentration (2.0× 10 − 4 M) was used in studying the effect of the concentration of acetate anion on the absorption spectrum of etilefrine. In this case samples and blank contained the same concentration of acetate.
Fluorescence spectra were measured from etilefrine aqueous solutions (conc= 2× 10 − 5 M) with excitation wavelength at 272 nm. The standard comparative method was used in the determination of the fluorescence quantum yield. An aqueous solution, pH 5 (acetic/acetate buffer), of tryptophan, previously recrystallised in ethanol, with F f = 0.14 at 25°C, has been used as a standard. Aqueous etilefrine solutions used in these measurements had an absorbance lower than 0.05 at the excitation wavelength (272 nm). Neither spectrum correction nor fluorescence quantum yield determination were made for ionized etilefrine because of its weaker emission.
In the analysis of acid dissociation of etilefrine, aqueous solutions of concentration 4× 10 − 6 M (ionic strength 0.16 M, obtained by adding KCl 3 M), were used. H 2 SO 4 0.1 and KOH 0.16 N were employed to obtain different pH values. In order to carry out these pH measurements, the potentiometer was previously regulated by contrasting it with Crison buffers (pH 7.02 and 4.00) at 25°C. In every case, samples were kept at a temperature of 25°C9 0.1. Samples were purged with nitrogen for 5 min.
For the spectral comparison between spectra recorded in the different solvent conditions, solutions of etilefrine 2.0× 10 − 5 M and u exc =290 nm/u em = 345 nm combination were used. From this concentration the ionized etilefrine (in KOH 0.16 N) spectra can be obtained but some instru- mental changes are required such as an increased size of emission and excitation slits and a more suitable set of emission and excitation wavelengths (u exc =290 nm/u em =345 nm). In the study of the influence of acetate anion and acetic acid, emission spectra were recorded keeping the excitation wavelength at 256 nm where the molar absorptivities of the species, derived from ionization of etilefrine, show close values. In these experiments etilefrine concentrations were increased up to 7.85 × 10 − 4 M for recording possible emission of ionized etilefrine without changes in the instrumental conditions. Samples were thermostatized at 2590.1°C.
Instrumental response in the nanosecond fluorimeter was tested by using an aqueous solution of tyrosine (conc= 4.5 × 10 − 4 M; pH 6.10 adjusted with perchloric acid and NaOH, T = 298 K) which presents a monoexponential decay curve with a lifetime of 3.30 ns (3.34 ns reported in reference [11] ). Fluorescence lifetime of etilefrine were determined with aqueous solutions of etilefrine (4.5 ×10 − 4 M). Excitation filter with maximum of transmittance at 250 nm and emission filter with maximum at 300 nm were used. The influence of the acetate anion was studied in the same instrumental conditions. Analysis of decay curves were carried out with an iterative non-linear least-squares fitting method.
Results and discussion

General spectroscopic characteristics of etilefrine
Etilefrine absorption spectrum recorded at 298 K presents the lower energy band at 272. Etilefrine emission spectrum at 298 K in acid aqueous medium shows a non-Gaussian band without vibrational structure. From the corrected spectrum, it is possible to calculate the center of gravity position of the emission band in accordance with the following expression (12), 
where F is the fluorescence intensity measured at a given wavenumber w. This equation offers a result of 32517 cm
. For the lower energy absorption band the center of gravity is taken as the bandwidth center at half height (FWHM) and a value of 36870 cm − l has been obtained. From the previous data a Stokes shift of 4353 cm − l has been found.
The emission of etilefrine dissociated species (solutions in KOH 0.16 N) is very weak and shows an unstructured band with a maximum at 345 nm. The excitation maximum appears located at 290 nm (Fig. 2) . The values of FWHM obtained from emission and absorption spectra are 29070 and 34423 cm − l , respectively. The fluorescence lifetime, found for etilefrine aqueous solutions in the pH range 2 -7, is 2.38 ns and the fluorescence quantum yield is 0.17, which gives a value for the rate constant of fluorescence process (k f ) of 7.1×10 7 s − l , being 3. (1) which may mean a change in the molecular geometry in the excitation process [12] .
Etilefrine emission spectrum does not change with 2-7 pH and the fluorimetric titration curve is similar to that obtained by potentiometry, where a value of 9.75 is obtained for the first pK a , which is a combination of the dissociation constants of phenolic and amino groups in the molecule. The first macroscopic pK a value in monohydroxylated benzene-ethanolamines is close to the value of first microscopic pK a associated to phenolic dissociation to give the corresponding zwitterionic form [13, 14] . In fact, potentiometric pK a of etilefrine coincides with the value (9.76) obtained in the fluorimetric analysis of the phenolic group acid dissociation in the N-acetyl derived from etilefrine [9] .
The coincidence of the pK a values found in potentiometric and fluorimetric analysis can be interpreted as a result of the non-existence of an acid/base equilibrium in the excited state and therefore it could be accepted that monomolecular deactivation of excited fluorophore must be faster than acid dissociation processes. Although the equilibrium is not attained, it is possible to calculate the equilibrium constant value for the acid dissociation of etilefrine phenolic group in excited state using the Fö ster cycle,
where w EH represents the mean wavenumber of emission and excitation 0 -0 bands for the non dissociated etilefrine (EH). A value of 34 694 cm − l for this parameter has been obtained using the following equation:
and w E − , the corresponding mean wavenumber for ionized etilefrine in the phenolic group (E − ), has been calculated in a similar way and a value of 31 734 cm − l has been found. From these data, and taking 9.75 for the ground state pK a , a value of 3.55 for pK a * arises from the Fö ster equation.
Influence of the concentration of anion acetate on etilefrine fluorescence
Potassium acetate, added to the solution medium, causes a decrease of etilefrine fluorescence. Fig. 3 shows etilefrine excitation and emission spectra in ClH 0.16; acetic acid 0.16 and acetic/acetate buffer 0.1 M. No significant differences are found in the spectra recorded in acid media, but a dramatic fluorescence decreasing is obtained when the fluorescence is measured from the buffered solution. The effect induced by ac- etate anion is separately shown in Fig. 4 where spectra of aqueous solution of etilefrine with (0.46 and 0.92 M) and without potassium acetate (pH 6.87) are compared to the spectrum obtained in KOH (pH 12) solution. It must be noted that no change in the etilefrine excitation spectrum occurs with the above mentioned concentrations of potassium acetate, though its intensity decreases. It can also be noticed that the pH of the acetate solutions is approximately 7 (obtained by adding small quantities of H 2 SO 4 ) and, according to the fluorimetry titration curve, an irrelevant proportion of low fluorescent dissociated etilefrine must be expected at this pH. Nevertheless, the recorded emission shows a clear decrease in intensity and a modification of the spectrum at approximately 350 nm.
These differences are clearer in Fig. 5 , in which the spectrum of etilefrine solution in non-buffered aqueous medium (pH 6.87) and the normalized spectrum of the solution in basic medium (pH 12) are shown. Besides these two spectra Fig. 5 also included the resulting spectra after normalizing the recorded spectra of etilefrine solution with potassium acetate and then subtracting them from the normalized spectrum that was obtained with etilefrine at pH 6.87. The results indicate that the recorded emission of etilefrine solutions with acetate has a component whose characteristics are similar to those shown by the dissociated species derived from etilefrine.
The graph of the quotient between the fluorescence intensity recorded without acetate (I 0 ) and the fluorescence recorded in presence of acetate (I) vs the concentration of anion acetate gives an excellent linearity up to approximately an acetate concentration 0.9 M. A slope 8.316 M − 1 and an ordinate 0.961 are calculated from this plot. It is important to point out that in these experiments, as in the previous one, the pH value of etilefrine solutions with potassium acetate remained within the 6.92-6.98 margin by adding small quantities of H 2 SO 4 0.5 M. Changes in the excitation spectra are not significant, under these experimental conditions.
It can be admitted, in principle, that these results are coherent with a quenching process which fits well the Stern Volmer equation
though the ordinate shows a significant deviation from the expected theoretical value.
These results occur again when~o/~values are plotted vs the acetate. The slope is 8.816 M − 1 and the ordinate is 0.962. In every case, the decay curves were monoexponential obtaining reduced Chi square (
2 ) values slower than 1.02. For this experiment the range of acetate anion concentration is lower than that taken in stationary state owing to the fact that, in our instrumental conditions and with high acetate concentrations, an accumulation of counts is necessary for a relatively long period which, combined with the decrease of lifetime values, dramatically affect the accuracy of the measurements.
The adjustment of the data to equation Eq. (2) seems to eliminate quenching of etilefrine fluorescence caused by both dynamic and static mechanisms, because if that is the case the term [Q] 2 (square of quencher concentration) should be found in Stern Volmer equation, so that the plot will be characterized by a loss of linearity and the appearance of an upward deviation [15] , unless one of the values of the dynamic and static processes was particularly low.
De Vente et al. [16] noticed that the fluorescence of m-tyramine decreases 69% when sodium acetate is added to the medium (conc= 0.2 M) at pH 7.4. This effect has been attributed to the formation of a hydrogen-bonded complex 1:1 in the ground state which involves the acetate anion and amino and phenolic groups. From this point of view, the complex formation of m-tyramine with acetate anion in the ground state would be a value near 11 M − 1 for the equilibrium constant of the static process. If etilefrine were complexed in the ground state in a similar way, the value of the constant of dynamic process should be very low or zero, since the acetate concentration is increased approximately to 1 M and no upward deviation is found in the plot of I 0 /I versus [Q] .
The complex formation in the ground state has also been suggested by Willis and Szabo [10] to explain the fluorescence decrease observed for tyrosine by different proton acceptors [10] . In this case, the complex formation mechanism identifies with the formation of a hydrogen bond. This process is usually accompanied by changes in the absorption spectrum, characterized by a maximum shift. However, our experimental data from etilefrine solutions with acetate concentrations up to 1 M indicate that there are no important changes in the lower energy absorption band or any shifts of maximum position band, although it has been indicated that this band is usually sensitive to changes of solvent and formation of hydrogen bonds [12, 17, 18] . Nevertheless, as indicated previously, some very slight changes in the red edge of the absorption spectra (about 300 nm) are visible in presence of very high concentrations of acetate anion These changes can be distinguished from acetate absorption and could be related to a weak interaction in the ground state. Thus, a static quenching process cannot be completely ruled out.
On the other hand, as the acetate concentration increases the appearance of an emission similar to that from etilefrine dissociated species, seems to indicate that there is probably a proton transfer in the excited state. As a consequence Stern Volmer constant K% should represent the product of the lifetime of protonated etilefrine (~0) and constant rate k d for dynamic quenching induced by acetate anion.
Taking as starting point the scheme described by Laws and colt [18] for the interaction between aromatic alcohols and proton acceptors, the general scheme Scheme 1 can be outlined,from which it can be admitted, in principle, that equilibria exists between protonated etilefrine (EH), a ground state complex etilefrine-acetate anion (EH.Ac) and non-protonated etilefrine (E − ). In discrepancy with the results found with other phenolic derivatives, the complex (EH.Ac) is not formed or its concentration must be very low since no spectroscopic evidence, which could be where~0 and~0 % are the fluorescence lifetimes of non-dissociated and dissociated etilefrine, respectively. It is clear that, Eq. (3) leads to Eq. (2) if the excited state process is considered irreversible (k* i = 0).The previous equation can be rearranged to give
where a H + and g − represent the hydrogen ion activity and the activity coefficient of the anion, respectively. In this equation the relationship be- [21] in the 2-naftol quenching by acetate. Besides, using pK a *= 3.55, which is obtained from Fö ster cycle, related to the formation of an etilefrine complex with acetate anion in the ground state, has been obtained under our experimental conditions. On the other hand, the results seem to support quenching by acetate anion through a dynamic mechanism.
Considering the previous data, the general scheme can be simplified by omitting the formation of the intermediate complex (EH.Ac) Scheme 2. In this scheme constants K EH and K E represent the sum of the quenching constants of monomolecular processes and it is admitted that there is virtually no equilibrium in the ground state, so deactivation of dissociated species E − , would produce its immediate protonation in the ground state giving EH species.
In connection with this scheme, it is necessary to take into account that, under the experimental conditions used at pH 7, the process in the excited state must be virtually irreversible (k* d [Ac] k* i [AcH] ) and deactivation of non-protonated etilefrine (E − *) which has a very low fluorescence quantum yield, must be the result of non-radiative monomolecular processes.
In order to obtain reversibility conditions in the excited state, etilefrine emission spectra were analyzed using constant acetate concentration 0.30 M and acetic acid concentrations in the range 0.10 -3 M (pH 5.14-3.66). It has been found that by increasing the acetic acid concentration the fluorescence intensity rises gradually as can be observed in Fig. 6 .
High concentrations of acetic and acetate allow us to suppose that an excited state equilibrium has been attained. For this equilibrium it can be written that [19] According to Scheme 1, it must be expected that the acetic does not independently cause fluorescence quenching of etilefrine. However, high acetic concentrations provoke a fluorescence decrease (Fig. 7) without changes in the absorption spectrum.
Although initially potassium acetate is not added to the medium, some amount of acetate anion could be produced from the partial dissociation of the acetic acid. It has been tested if the acetate formed could explain the fluorescence decrease observed but the concentrations required to obtain the experimental values of I 0 /I (using Eq. (4)) were higher than those calculated according to pH values and activity coefficients estimated from Davies equation (Table 1 ). This circumstance suggests that a new agent induces quenching of etilefrine fluorescence in addition to the acetate anion. Thus, a second quenching process due to H + ions has been considered and Fig. 1 has been supplemented as shown in Scheme 3, from which the following the equation can be deduced
which is equal to
where it can be assumed that the molar concentrations of the hydronium ion and acetate anion are identical since both of them come from the partial dissociation of acetic acid. 
Conclusions
In this paper we have reported the effects of acetate anion on the fluorescence of etilefrine. Our results seem to support the existence of a dynamic Scheme 3. quenching process based on a proton transfer mechanism as the main means of interaction between etilefrine and the acetate anion. Experimental data found, allow us to calculate that a decrease of approximately 50% could be obtained in presence of an acetate concentration of 0.1 N. This could represent a serious inconvenience in analytical fluorimetric techniques taking into account that the acetic acid/acetate pair is commonly used as a buffer. Moreover fluorescence quenching by H + ions could be invoked when etilefrine is placed in acid aqueous medium.
